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ABSTRACT—Genetic variation was surveyed in 38 populations of Japanese newts of the genus Cynops 
using starch gel electrophoresis. C. ensicauda from the Ryukyu Archipelago was shown to be 
genetically well differentiated from C. pyrrhogaster from the Japanese main islands. Separation of these 
two forms at the species level is supported. C. ensicauda is genetically divided into two groups, each of 
which corresponds to previously recognized subspecies. On the contrary, protein variation patterns in 
C pyrrhogaster are not consistent with the previously recognized subspecies or local races. From 
available geological information, the electrophoretic clock is calibrated at 1D = 13-22 MY in Japanese 
Cynops. 
INTRODUCTION 
Two allopatric newt species of the genus Cynops 
are known from Japan. C. pyrrhogaster occurs on 
the main islands of Honshu, Shikoku and Kyushu, 
while C. ensicauda inhabits the Amami and Okina­
wa Groups of the Ryukyu Archipelago. A marked 
geographic variation in external morphology has 
been detected within each species [1, 2]. Some 
authors [3, 4] considered morphological variations 
of these two species to overlap with each other and 
doubted the specific validity of C. ensicauda, treat­
ing it as a subspecies of C. pyrrhogaster. However, 
only a few comparative studies have been made 
between these two species [3, 5], and clarification 
of the taxonomic relationships of these newts 
requires an extensive survey of geographic varia­
tion in Japanese Cynops from many approaches. 
Although North American and European newt 
species belonging to Taricha, Notophthalmus, and 
Triturus have been studied electrophoretically for 
the purposes of population genetics, taxonomy, 
and evolutionary biology [6-9], no comparable 
studies have been done on Asian newts. Available 
data indicate that genetic distance values calcu­
lated between populations can differentiate named 
species or subspecies and, therefore, seem to pro­
vide rough estimates of the limits of species within 
the family Salamandridae. Thus, an electrophore­
tic analysis should be a useful tool for investigating 
taxonomic problems among Japanese newts. The 
present study was undertaken mainly in order to 
understand the amount of genetic differentiation 
between C. pyrrhogaster and C. ensicauda, as 
estimated from an electrophoretic analysis of pro­
tein variation. Moreover, based upon geological 
data, we have derived a calibration for the elec­
trophoretic evolutionary clock in Japanese Cynops 
and compare the value with those proposed pre­
viously [10, 11]. 
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MATERIALS AND METHODS 
A total of 610 newts from 23 populations of 
Cynops pyrrhogaster in western Honshu and 
Kyushu Islands and 15 populations of C. ensicauda 
in three islands in the Amami Group and four in 
the Okinawa Group, the Ryukyu Archipelago, 
were analyzed electrophoretically (Fig. 1 and 
Table 1). We used southwestern populations of C. 
pyrrhogaster for comparison with C. ensicauda 
since they are geographically adjacent to the range 
covered by C. ensicauda. 
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FIG. 1. Geographic localities from which samples of 
Cynops were collected. Localities of C. pyrrhogas-
ter are indicated by circles (1-23) and localities of C. 
ensicauda by triangles (24-38). 
Samples of liver were removed and maintained 
frozen at — 84°C until used in electrophoresis. 
Voucher specimens were fixed in 10% formalin, 
later preserved in 70% ethanol and deposited in 
Hayashi's collection at Kyoto University. 
Homogenized tissue extracts were analyzed by 
standard horizontal starch gel electrophoresis [12-
15], using Connaught starch at a concentration of 
11.5%. The enzymes examined and locus designa­
tions are listed in Table 2. The buffer system 
employed in the electrophoretic analysis was 0.155 
M tris / 0.043 M citrate, pH 7.0 (1:15 dilution of 
electrode buffer for gel) for all enzymes. Genetic 
interpretations of allozymic data were based on 
criteria developed by Selander et al. [16]. Enzyme 
nomenclature and E. C. numbers follow the most 
recent recommendations of the Nomenclature 
Committee of the International Union of Bio­
chemistry [17] and abbreviations and isozyme de­
signations follow recommendations of Murphy and 
Crabtree [18]. Electromorphs were designated by 
letters with "a" representing the most rapidly 
migrating anodal variant. 
The unbiased minimum genetic distance be­
tween populations (D) recommended by Nei [19] 
was computed from observed electromorph fre­
quencies. According to Nei's suggestion [19], all 
negative values obtained using the collection for 
small sample sizes were regarded as being equal to 
0. A UPGMA phenogram [20] was constructed 
from genetic distances. A contingency Chi-square 
test was performed to test for inter-sample electro­
morph frequency heterogeneity [21]. All samples 
were also tested for conformance to Hardy-
Weinberg expectations with the Chi-square test. 
For statistical tests, P<0.05 was regarded as sig­
nificant. 
RESULTS 
A locus was considered polymorphic when two 
or more electromorphs were detected. Only one 
of the 15 loci resolved (Ap-A) was monomorphic 
for the same electromorph in all individuals. Table 
3 summarizes electromorph frequencies for the 
remaining 14 polymorphic loci. Fixed differences 
between C. pyrrhogaster and C. ensicauda were 
identified at three loci (Acp-A, Iddh-A and M-Me-
A). 
Ten of the remaining 11 loci showed significant 
heterogeneity in electromorph frequencies (Table 
4). At four of these 11 loci, a single electromorph 
predominated in all populations (Ldh-A, Ldh-B, 
M-Mdh-A and Pgdh-A). At Ldh-A and M-Mdh-A 
loci, electromorphs other than the common one 
were unique to single populations. Among the 
remainder of these four loci, some electromorphs 
with low to moderate frequency of occurrence 
were shared among two or more populations. 
Seven other loci had different variants predomi­
nating in different populations (S-Aat-A, Est-1, 
Gpi-A, S-Mdh-A, S-Me-A, Pgm-A, S-Sod-A). 
Within C. pyrrhogaster, three loci were mono­
morphic (Acp-A, Ap-A and Iddh-A) and all of 12 
polymorphic loci showed statistically significant 
heterogeneity in electromorph frequencies (Table 
4). C. ensicauda had six monomorphic loci (Ap-A, 
Iddh-A, Ldh-A, M-Mdh-A, M-Me-A and S-Sod-
A) and significant heterogeneity in electromorph 
frequencies was observed at seven of nine poly-
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Mitochondrial and supernatant loci are denoted by M- and S- prefixes, respectively. 
*NADP-dependent malate dehydrogenase 
morphic loci. Among Amami Group populations 
of C. ensicauda, another monomorphic locus was 
recognized (Est-1) and five of eight polymorphic 
loci were significantly heterogeneous. Among 
Okinawa Group populations, eight loci were 
monomorphic and four of seven polymorphic loci 
showed significant heterogeneity. 
The proportions of polymorphic loci ranged 
from 20.0% (populations 1 and 22) to 53.3% 
(populations 6, 13, 18 and 19) ( = 37.7%) in C. 
pyrrhogaster and ranged from 13.3% (population 
32) to 40.0% (population 33) (x=27.2%) in C. 
ensicauda (Table 3). The mean number of electro-
morphs per locus was 1.44 (range 1.20-1.60) in C. 
pyrrhogaster, and 1.32 (range 1.13-1.47) in C. 
ensicauda. The frequencies of genotypes were in 
good agreement with Hardy-Weinberg proportion 
in most cases, but the significant heterozygote 
deficiencies occurred at the S-Aat-A locus in one 
population (population 33), at the M-Me-A locus 
in five populations (populations 12, 13, 16, 19 and 
20) and at the S-Me-A locus in six populations 
(populations 2, 7, 8, 9, 14 and 16). 
Figure 2 presents a UPGMA phenogram based 
on the Nei's D values, which are shown in Table 5. 
The first major dichotomy separates populations of 
C. ensicauda from those of C. pyrrhogaster with 
the mean D value between them being 0.356 
(range 0.239-0.724). The mean intraspecific D 
values are 0.035 (range 0-0.133) in C. ensicauda 
and 0.060 (range 0-0.336) in C. pyrrhogaster. 
The cluster of C. ensicauda is divided into two 
distinct regional groups, with the mean D value 
between these two groups being 0.078 (range 
0.041-0.133). One subcluster is composed of 
populations from the Amami Group and another 
of populations from the Okinawa Group. The 
mean D values are 0.006 (range 0-0.013) within 
the former and 0.004 (range 0-0.015) within the 
latter. 
The cluster of C. pyrrhogaster is also divided 
into two distinct groups. One subcluster contains 
three populations from southernmost part of 
Kyushu (populations 21-23) and another contains 
all the remaining populations. The mean D value 
is 0.156 (range 0.044-0.336) between these two 
groups. 
The mean D value between populations of C. 
ensicauda and three southernmost populations of 
C. pyrrhogaster is 0.532 (range 0.326-0.724), while 
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NS indicates statistically insignificant difference at P<0.05. 
FIG. 2. UPGMA phenogram of populations of Japanese Cynops studied. Scale is in genetic distance units of Nei 
(1978). 
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TABLE 5. Nei's genetic similarity (below diagonal) and distance (above diagonal) between populations 
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the mean D value between C. ensicauda and 20 
remaining populations of C. pyrrhogaster is 0.330 
(range 0.239-0.418). Thus, in spite of their ad­
jacency to the range of C. ensicauda, southernmost 
populations of C. pyrrhogaster reach higher level 
of genetic differentiation from C. ensicauda than 
do remaining conspecific populations. 
DISCUSSION 
No overlap of electromorphs was detected at 
three loci (Acp-A, Iddh-A and S-Me-A) between 
C. ensicauda and C. pyrrhogaster, and no indi­
vidual showed any intermediate condition. Fur­
thermore in specimens of C. pyrrhogaster from 
northeastern Japan, we have not detected any 
individual sharing any electromorph with C. en-
sicauda at the three loci (Hayashi and Matsui, 
unpublished). Therefore, it is clear that C. en-
sicauda and C. pyrrhogaster are genetically distinct 
from each other. 
Levels of genetic differentiation have been in­
vestigated at the interspecific and intersubspecific 
ranks in other genera of the family Salamandridae 
(Taricha [6] and Triturus [22]). Genetic dif­
ferentiation estimates derived from these data 
might provide an indication of the range in values 
one might expect between biological species within 
this family. Nei's D values identified between the 
two species of Japanese Cynops have the range of 
0.239 to 0.724 ( = 0 . 3 5 6 ) and are smaller than 
interspecific values calculated in Triturus species 
(range from 0.702 to 1.321, x = 1.117), but nearly 
correspond with the values estimated for three 
species of Taricha (range from 0.261 to 0.687, = 
0.466). It is also noteworthy that the greatest 
genetic difference was observed between geo­
graphically most adjacent populations of C. pyr-
rhogaster from southernmost Kyushu and C. en-
sicauda. From these genetic view points, two 
forms of Japanese Cynops, one from the main 
islands (pyrrhogaster) and another from the 
Ryukyu Archipelago (ensicauda), are judged to be 
well differentiated from each other at the species 
level, and the designation of the latter form as a 
subspecies of the former is unfounded. 
Inger [1] studied morphological variations in 
newts from Okinawajima and Amami-Oshima Is­
lands, and considered the differences between 
these two populations sufficient to warrant subspe-
cific distinction. Thus he described the Okinawa 
population as a distinct subspecies, Triturus en-
sicaudus popei. On the contrary, Koba [23] and 
Nakamura and Uéno [4], without presenting valid 
evidence, opposed such a distinction. Our bio­
chemical analysis shows that populations from the 
Amami Group form a group distinct from those 
from Okinawa Group with Nei's D values between 
them ranging from 0.059 to 0.140 ( =0.084). 
Although the amount of genetic differentiation 
between these two groups is smaller than values 
estimated among intersubspecific populations in 
Taricha (range 0.104-0.309) [24], the geographic 
pattern of biochemical variation is consistent with 
the pattern of morphological variations reported 
by Inger [1], and seems to support the subspecific 
status of C. ensicauda popei (new comb.). 
Sawada [2] divided C. pyrrhogaster into six 
"local races" (Hiroshima, Sasayama, Atsumi, 
Kanto, Tohoku and Intermediate races) from the 
analysis of the geographic variations in the pattern 
of ventral markings and body proportions. Later, 
Mertens [25] gave a name Triturus ( = Cynops) 
pyrrhogaster sasayamae for "Sasayama race" and 
the other "races" have remained unnamed and 
included in a single subspecies C. p. pyrrhogaster. 
Our biochemical study contained specimens of two 
"local races" belonging to different subspecies 
("Sasayama race" = C. p. sasayama, distributed in 
northern Kinki and eastern Chugoku Districts 
(populations 1-8), and parts of "Hiroshima race" 
= C. p. pyrrhogaster, distributed in Kyushu, Shi-
koku and western Chugoku Districts (populations 
9-23)). In the present study, C. pyrrhogaster 
showed significant heterogeneity in electromorph 
frequencies at all polymorphic loci (Table 4) and it 
is clear that local populations are genetically well 
isolated and diverged. Especially, southernmost 
Kyushu populations (populations 21-23) showed a 
high level of genetic differentiation from others, 
and consequently populations of Hiroshima race 
(i.e. C. p. pyrrhogaster) did not form a single 
group (Fig. 2). This unexpected result indicates 
that the widely ranging "Hiroshima race" contains 
at least two distinct groups. By contrast, the 
"Sasayama race" was found to form a single group. 
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Our data offer an interesting perspective not only 
into taxonomic problems but also into genetic 
divergence in C. pyrrhogaster. We are currently 
conducting an extensive sampling throughout the 
range of this species and additional electrophoretic 
studies are in progress. 
The molecular clock hypothesis has been ap­
plied to date divergence events of taxa [26, 27]. 
Since molecular clocks need calibrations before 
applied, some calibrations were estimated for elec­
trophoretic clock, which is a kind of molecular 
clocks, from different sources. Nei and 
Roychoudhury [11] originally suggested a calibra­
tion of 1D = 5 MY irrespective of animal groups. 
Later, Maxson and Maxson [10] calibrated the 
electrophoretic clock at 1D = 14 MY in plethodon-
tid salamanders based on the correlation with the 
albumin clock, and the value has generally been 
used [28, 29]. Calibration could be obtained if 
geological information of the time of isolation 
between two populations is available. Because 
newts cannot cross over the sea, a strait must be a 
sufficient barrier for gene flow between popula­
tions. The formation of the straits between the 
Japanese main islands and the Ryukyu Archipela­
go assuredly marked the cessation of gene ex­
change between populations separated by the sea. 
The formation of the strait between the Amami 
and Okinawa Groups also must have prevented 
newts from gene exchange between isolated 
populations. 
Kizaki and Oshiro [30, 31] estimated that the 
strait between the mainlands and the Ryukyu 
Archipelago south of Amami Group was formed 
about 8 MYBP during late Miocene times and that 
the strait between the Amami and Okinawa 
Groups was formed between 1 and 1.5 MYBP 
during middle Pleistocene times. If the mean D 
value between C. ensicauda and C. pyrrhogaster 
(0.356) corresponds to 8 MY, a calibration of 1D = 
22 MY is obtained. On the other hand, when the 
mean D value between populations of the Amami 
and Okinawa Groups (0.078) is compared to the 
duration between 1 and 1.5 MY, the electrophore­
tic clock is calibrated at 1D = 13-19 MY. Since 
both genetic and geological estimates themselves 
may contain a considerable amount of errors, the 
difference in these two estimates may not be so 
great. At least, calibrations of electrophoretic 
clock in Japanese Cynops are regarded as far 
greater than Nei's original estimate (1D = 5 MY) 
and are more similar to the calibration used in 
plethodontid salamanders (1D = 14 MY). This 
result seems to suggest the presence of limited 
range of calibration which is specific to the order 
Caudata. 
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